Huntington's disease is caused by polyglutamine expansion in the huntingtin protein. Huntingtin directly interacts with profilin, a major actin monomer sequestering protein and a key integrator of signals leading to actin polymerization. We observed a progressive loss of profilin in the cerebral cortex of Huntington's disease patients, and in cell culture and Drosophila models of polyglutamine disease. This loss of profilin is likely due to increased degradation through the ubiquitin proteasome system. Profilin loss reduces the F/G actin ratio, indicating a shift in actin polymerization. Overexpression of profilin abolishes mutant huntingtin toxicity in cells and partially ameliorates the morphological and functional eye phenotype and extends lifespan in a transgenic polyglutamine Drosophila model. These results indicate a link between huntingtin and profilin and implicate profilin in Huntington's disease pathogenesis.
Introduction
Huntington's disease (HD) is an autosomal dominantly inherited progressive neurological disease that belongs to a group of neurodegenerative disorders caused by expansion of polyglutamine tracts in otherwise unrelated proteins (Zoghbi and Orr, 2000) . Expansion of a (CAG) n trinucleotide repeat within the first exon of the IT15 gene leads to an abnormally long polyglutamine tract in the huntingtin (htt) protein (The Huntington's Disease Collaborative Research Group, 1993) . Polyglutamine expansion increases the propensity of htt to aggregate and causes neuronal degeneration, particularly in the caudate nucleus of the basal ganglia and in the cerebral cortex. Htt is a 350 kDa, ubiquitously expressed protein containing a proline-rich region adjacent to the polyglutamine tract in its N-terminus as well as numerous HEAT repeats throughout the protein. Although its cellular function remains unclear, htt has been implicated in several processes, including cell signalling, endocytosis, and vesicle transport, based on the known functions of its interacting partners (Harjes and Wanker, 2003) . The underlying molecular mechanism of HD pathogenesis is yet to be fully elucidated, but it is thought that mutant htt gains novel toxic properties, possibly through polyglutamine dependent conformational changes and aberrant protein interactions.
Various htt interactors have been identified through yeast twohybrid screening, co-immunoprecipitation, and in vitro binding assays, including proteins that are regulators of cytoskeletal organization and participants in endocytic pathways (Wanker et al., 1997; Singaraja et al., 2002; Goehler et al., 2004) . One of the proteins thus identified is profilin-2a (Goehler et al., 2004) . Profilins are eukaryotic actin monomer (G actin) binding proteins that interact with proline-rich regions in a variety of proteins (reviewed by Witke (2004)) and regulate actin dynamics. Profilin was originally thought to be a G actin sequestration protein that inhibits actin polymerization, but subsequent studies have shown that, depending on the conditions, profilin may either sequester G actin or promote actin polymerization (Pantaloni and Carlier, 1993) .
In mammals, there are four profilin genes, with tissue-specific expression. Profilin-1 is the major isoform in most tissues; profilin-2 is predominantly expressed in the brain (Kwiatkowski and Bruns, 1988) ; and profilins 3 and 4 are almost exclusively expressed in the testis (Hu et al., 2001; Obermann et al., 2005) . Profilin-2 has two splice variants, 2a and 2b (Di Nardo et al., 2000; Lambrechts et al., 2000) , and shares approximately 60% sequence identity with profilin-1. Neurons express profilin-1 and -2a (Lambrechts et al., 2000; Neuhoff et al., 2005) , and biochemical studies have suggested that both isoforms are closely related with respect to actin binding and their affinity for poly(L-proline). Ablation of profilin-1 expression in knockout mice results in early embryonic lethality (Witke et al., 2001 
